ABSTRACT From several searches of the area common to the Sloan Digital Sky Survey and the United Kingdom Infrared Telescope Infrared Deep Sky Survey, we have identified objects that have properties similar to those of the luminous quiescent compact galaxies found at z > 2. Here we present our results of 22 galaxies between z ∼ 0.4 and z ∼ 0.9 based on observations with the Keck I, Keck II and Subaru telescopes on Mauna Kea. By exploring sizes, morphologies, and stellar populations of these galaxies, we found that most of the galaxies we identified actually formed most of their stars at z < 2, where the density of universe was lower than at high redshifts. These young galaxies are less compact than those found at z > 2 in the literature. Several of these young objects appear to be disk-like or possibly prolate. This lines up with several previous studies, which found that massive quiescent galaxies at high redshifts often have disk-like morphologies. If these galaxies were to be confirmed to be disks, their formation would be more likely caused by gas accretion than by major mergers. On the other hand, if these galaxies were to be confirmed to be prolate, the fact that prolate galaxies do not exist in the local universe would indicate that galaxy formation mechanisms have evolved over cosmic time. We also found six galaxies with spectra indicating formation of over 75% of their masses at z > 2. Five of these galaxies appear to have been modified over cosmic time, in agreement with the inside-out buildup of massive galaxies recently proposed in the literature. The remaining galaxy, SDSS J014355.21+133451.4, has a truly old stellar population, a very small size, and a disk-like morphology. This object would be a good candidate for a nearly unmodified compact quiescent galaxy from high redshifts that would be worth future study.
INTRODUCTION
The structural evolution of massive galaxies over cosmic time provides constraints on galaxy formation models. In the local universe, galaxies with stellar masses greater than 10 11 M are mostly early-type galaxies, which usually have old stellar populations and large sizes. However, several recent studies have found evidence that massive galaxies at z > 2 showing little or no recent star formation are generally very compact, with effective radii R e < 2 kpc (e.g., Toft et al. 2007; Damjanov et al. 2009; Muzzin et al. 2009 ). Proposed mechanisms to create such compact galaxies from star-forming progenitors generally involve violent, dynamical processes such as gas-rich mergers (Hopkins et al. 2006) or dynamical instabilities fed by cold streams (Dekel et al. 2009 ).
Because these compact and quiescent galaxies are extremely rare in the present-day universe (e.g., Taylor et al. 2010 ), significant size growth must have taken place for the past billions of years, and stochastic events such as major mergers cannot be the dominant mechanisms. It had been proposed that minor mergers (e.g., Khochfar & Silk 2006; Naab et al. 2009 ) or "puffing-up" driven by active galactic nuclei (AGN) feedback (e.g., Fan et al. 2008 Fan et al. , 2010 have turned these high-redshift compact galaxies into present-day ellipticals. Most of the recent studies, however, favor the for-mer mechanism, proposing the so-called inside-out buildup of present-day massive galaxies (e.g., Bezanson et al. 2009; Hopkins et al. 2009a; van de Sande et al. 2013) . In this scenario, the high-redshift compact galaxies become the cores of the most massive local galaxies after accreting envelopes over time.
Since the compact quiescent galaxies at z > 2 are quite faint, it is very difficult to study them in any detail. As a consequence, some recent studies have focused on identifying and characterizing some similar objects at lower redshifts (e.g., Taylor et al. 2010; Stockton et al. 2010; Shih & Stockton 2011; Ferré-Mateu et al. 2012; Poggianti et al. 2013; Damjanov et al. 2013; Trujillo et al. 2014; Stockton et al. 2014) , where images and spectra with high quality are accessible for studying morphologies and detailed properties such as stellar populations, kinematics and metallicities. A search by Taylor et al. (2010) at z < 0.12 of Sloan Digital Sky Survey (SDSS) returned no candidates as massive and as compact as those identified at high redshifts. Ferré-Mateu et al. (2012) and Damjanov et al. (2013) have found young ages for the compact galaxies they identified, again suggesting that most of the high-redshift compact galaxies have already turned into large ellipticals in the local universe. Nevertheless, recently Trujillo et al. (2014) and Stockton et al. (2014) have successfully found compact galaxies that may have survived with little or no modification from the population formed at high redshifts; further morphological and kinematic studies of these objects would provide us more insight into their formation mechanisms in the early universe.
Aiming at a slightly higher redshift range, we present here the results of 22 compact quiescent galaxies between z ∼ 0.4 and z ∼ 0.9 from several searches of the area common to SDSS and the United Kingdom Infrared Telescope (UKIRT) Infrared Deep Sky Survey (UKIDSS). The paper is structured as follows. Section 2 describes our object selection and follow-up observations. The analyses and results are shown in detail in Section 3. In Section 4, we discuss our results and their implications. Section 5 summarizes our results. Throughout this paper, we assume the concordance ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7. All magnitudes used are AB magnitudes.
2. OBJECT SELECTION AND OBSERVATIONS 2.1. Object Selection Fifteen galaxies (hereafter, sample 1) we study in this work are from several searches for compact quiescent galaxies at 0.4 z 0.6 since 2009; the other seven galaxies (hereafter, sample 2) are from a new search carried out this year for 0.4 z 1.0. Our method for selecting objects at 0.4 z 0.6 is given in Stockton et al. (2010) . In the following, we describe details of the new search performed this year.
We selected objects from the area common to UKIDSS DR9plus and SDSS DR8 for right ascensions between 8 h and 16
h . Using the Structured Query Language (SQL) for data in the Wide Field Camera Science Archive (WSA) on UKIRT, we searched the combined UKIDSS/SDSS database for objects (1) that have colors expected for old stellar populations at a given redshift, (2) that are compact enough such that −0.1 < UKIDSS K i (Petrosian) -K i (1 aperture) < 0.3, and (3) that are at least one magnitude brighter than L * for elliptical galaxies in H band at that redshift. Separate SQL searches were made at thirteen redshifts ranging from 0.4 to 1.0, stepping in intervals of 0.05 in z. We used a BruzualCharlot (Bruzual & Charlot 2003; hereafter BC03) instantaneous burst model with solar metallicity and an age of 5 Gyr as our template for old stellar populations. Convolving the redshifted template at z = 0.4 to z = 1.0 through the nine filters of SDSS/UKIDSS photometry (Hewett et al. 2006 ) then generated magnitudes and therefore colors. Based on UKIDSS J 1 -band images of objects that passed the SQL, we selected our candidates for follow-up observations by choosing compact ones whose surface brightness profiles resemble nearby stars in the same field.
All of the 22 galaxies we show in this paper are objects with both imaging and spectroscopic data available, allowing the determination of their redshifts and effective radii.
Imaging
The galaxies in sample 1 were imaged in H or K band on various nights from 2009 to 2011 with the NIRC2 camera and the laser-guide-star adaptive optics system (LGSAO; Wizinowich et al. 2006 ) on the Keck II telescope. The exposure times range from 60 s × 5 to 180 s × 9, and the image scale is 0. 04 pixel −1 . For the galaxies in sample 2, we obtained I-band images with the imaging mode of the Faint Object Camera and Spectrograph (FOCAS; Kashikawa et al. 2002) on the Subaru telescope on March 4 and 5, 2013. The exposure times range from 60 s × 5 to 60 s × 15, and the image scale is ∼ 0. 1 pixel −1 . We reduced our data with IRAF following standard procedures including bias subtraction and flat-fielding. Individual dithered images were then registered and combined with the drizzle algorithm (Fruchter & Hook 2002) .
Spectroscopy
We carried out ground-based spectroscopy for fourteen galaxies in sample 1 with the Low-Resolution Imaging Spectrograph (LRIS; Oke et al. 1995) on the Keck I telescope and one galaxy (SDSSJ081053) with the Echellette Spectrograph and Imager (ESI; Sheinis et al. 2002) on the Keck II telescope. The LRIS spectra were obtained with the 600 line mm −1 grating blazed at 5000 or 7500Å on the red side of the spectrograph. The ESI spectrum was taken with the echellette mode using a 175 line mm −1 grating. For the objects in sample 2, we took their spectra with the spectroscopic mode of FOCAS on the Subaru telescope using the VPH850 grism and SO58 filter. Standard data reduction procedures including bias subtraction, flat-fielding, sky subtraction, wavelength and flux calibrations were performed with IRAF to extract the 1D spectra. Spectroscopic redshifts of galaxies are determined by cross-correlation between reduced spectra and spectral templates in the IDL routine SPECPRO developed by Masters & Capak (2011) . In Table 1 , we summarize our imaging and spectroscopic observations.
DATA ANALYSIS AND RESULTS

Morphologies
From our Keck/NIRC2 and Subaru/FOCAS imaging, we explored the morphologies of our objects with GALFIT (Peng et al. 2002 (Peng et al. , 2010 , a two-dimensional galaxy profile fitting routine. Using nearby, unsaturated stars in the field as point-spread functions (PSFs), we first fitted single-Sérsic models to the galaxy images, as shown in the first rows of all the objects in Figure 1 to Figure 7 . One exception was for SDSSJ011004, where there is a companion very close to the galaxy, so we simply included this object in the fit using another single-Sérsic model. These fits resulted in circularized effective radii of R e < 3 kpc for all the objects. For seven galaxies, the single-component fits left significant systematic residuals. We therefore performed two-component fits, as shown in the second rows of seven objects in Figure 1 to Figure 5 , leading to much smaller residuals. Spectroscopic redshifts determined from the reduced galaxy spectra (Table 2 ) allow us to convert the effective radii in unit of pixels to physical scales based on the assumed cosmology in this paper. Table 2 and Table 3 summarize the best-fit parameters of single-Sérsic and double-Sérsic models, respectively.
Spectral Energy Distributions and Stellar Populations
To constrain the stellar populations of the galaxies, we used FAST (Kriek et al. 2009 ) to fit BC03 models simultaneously to SDSS/UKIDSS magnitudes and flux-calibrated spectra for most of our objects. For four galaxies, we only fitted models to SDSS/UKIDSS magnitudes since their low-quality spectra only allow a determination of redshifts. We used BC03 models with exponentially declining star formation rates, all with Chabrier (2003) initial mass functions, Calzetti reddening law (Calzetti et al. 2000) , and metallicities [Z/H] of −0.4, 0.0 and 0.4. All the magnitudes and spectra were corrected for galactic extinction according to NASA/IPAC Extragalactic Database (NED), and redshifts were fixed at the spectroscopic redshifts in the fits. The best-fit model parameters as well as the corresponding stellar masses of galaxies are tabulated in Table 4. 3.3. Full-Spectrum Fitting
Stellar Populations
It is well-known that an age-metallicity degeneracy exists in the determination of stellar populations from broadband photometry. Given that one old and low-metallicity spectrum may have the same shape, and therefore same broadband colors, as a young and high-metallicity spectrum, breaking this degeneracy relies on the differences in detail at absorption lines between similar spectra. To do this, the full-spectrum fitting method is recently becoming a popular alternative to using line-strength indices, thanks to the availability of high-quality spectral-synthesis models.
We therefore used the Penalized Pixel-Fitting method (pPXF) by Cappellari & Emsellem (2004) to to constrain the stellar populations from eleven spectra whose exposure times are ≥ 2400 s. For each galaxy, a grid of BC03 instantaneous burst models were used with three metallicities and ages stepping in intervals of ∼0.25 Gyr from 0.005 Gyr to the maximum age younger than the age of universe at the galaxy redshift. We shifted the spectra to the rest frame, corrected for galactic extinction, logarithmically rebinned the wavelength grid, and masked bad pixels. Model templates were broadened with a Gaussian to match the instrumental resolution of the de-redshifted spectra. The best-fit solution provided by pPXF is a distribution of the mass fraction in different ages and metallicity intervals, i.e., a linear combination of different BC03 models. This allows us to obtain probabilities of star formation at different cosmic time instead of a single age for each of the galaxies we analyzed. Running pPXF involves choosing a regularization parameter that affects the smoothness of the solutions. Here we assume that the initial starbursts of these galaxies were intense and rather brief since strong dissipation must have been involved to account for their compactness. We chose regularization parameters that led to fairly narrow distributions for the major star-formation periods, rather than the smoothest possible distribution consistent with the spectra. However, it should be noted that our choice is an assumption instead of a result. Figure 8 to 11 show the fits and the corresponding distributions of star formation over cosmic time. Most of the distributions roughly agree with the single age determined by FAST. By scaling the optimized combination of BC03 models to the photometric SED, we can obtain an estimate of the stellar mass. The derived masses are listed in column 3 of Table 5 .
Velocity Dispersions and Dynamical Masses
We also used the pPXF code to calculate the velocity dispersions of these eleven galaxies. In order to estimate the errors, we ran Monte Carlo simulations in the following way. We subtracted the best-fit model from the spectrum, and the residuals were randomly rearranged in wavelength space and added to the best-fit model to create 100 mock spectra. This led to a distribution of measured velocity dispersions, and the standard deviation is taken as the 1-σ error.
Combining the measurements of effective radii and velocity dispersions, we were able to estimate dynamical masses and compare the values with the stellar masses inferred from the stellar populations. For spheroids, the equation of the dynamical mass is
where β is a parameter that depends mainly on the structure of the galaxy. Cappellari et al. (2006) found that β = 5.0 ± 0.1 accurately reproduces galaxy dynamical masses for local ellipticals, and this value is commonly used in the literature. In column 4 of Table 5 , we tabulate the calculated dynamical masses assuming β = 5. In this calculation, we adopted equation 1 of Cappellari et al. (2006) to correct the measured velocity dispersion σ to σ e , which would be the velocity dispersion measured within R e . However, we can see clear discrepancies between the dynamical and stellar masses estimates. In agreement with what has been found in several recent studies for compact massive galaxies (e.g., Stockton et al. 2010; Martinez-Manso et al. 2011; Ferré-Mateu et al. 2012) , the stellar masses of most galaxies are unphysically larger than their dynamical masses. This indicates that we cannot assume homology between our galaxies and local ellipticals studied by Cappellari et al. (2006) , and the assumption that β = 5 may not be correct. This discrepancy caused by different galaxy structures is recently reinforced by Peralta de Arriba et al. (2013) , who find an empirical relation between β (K in their paper) and the compactness of galaxies. In the last column of Table 5 , we tabulate the dynamical masses with the correction in Peralta de Arriba et al. (2013) . Most of these values are about two times the corresponding stellar masses.
DISCUSSION AND CONCLUSION
Mass-Size Relations and Ages
In Figure 12 , we plot the mass-size relations of our galaxies and compare them with SDSS galaxies at 0.05 < z < 0.07 from Franx et al. (2008) , the compact quiescent galaxies found at z > 2 from , and the five z ∼ 0.5 galaxies from Stockton et al. (2014) . In this plot, most of our galaxies locate in the area between SDSS sample and the extremely compact galaxies from the other two papers; some of them are indistinguishable from the SDSS sample. This implies that most of our galaxies are not survivors of high-redshift population of compact quiescent galaxies. Our constraint on stellar populations with FAST suggests that half of the galaxies in our sample have mean ages 2 Gyr, which lines up with some recent studies that found young ages for local compact quiescent galaxies (e.g., Trujillo et al. 2009; Ferré-Mateu et al. 2012 ).
4.2. Disk-like Galaxies Many of our galaxies show signs of disks based on the morphological analysis. The seven galaxies fitted by twocomponent models all appear to be disk-like because each of their best-fit models is either a superposition of two components with low Sérsic indices, or a compact core close to the r 1/4 law plus an extended component (SDSSJ014355). For six out of these seven galaxies (the exception being SDSSJ011004), the axis ratio b/a of the more extended component is much lower than the axis ratios of the other component and the single-Sérsic model. As a result, these six objects have significant residuals along their major axes in one-component fits as shown in Figure 1 to Figure 5 . In addition, there are four galaxies described by single-Sérsic models with n ∼ 2. Given that all of the disk-like galaxies well fitted by the two-component models have axis ratios b/a < 0.5 from their one-component fits, we classify SDSSJ124257 (b/a = 0.26) and SDSSJ135342 (b/a = 0.44) as another two possible edge-on disks.
In total, we have nine galaxies that are disk-like. Besides SDSSJ135342, SDSSJ014355 and SDSSJ235219, most of these disk-like galaxies have fairly young ages, or at least have significant star formation in the past 2 Gyr as indicated by our full-spectrum fits (SDSSJ084223 and SDSSJ155037). This actually lines up with previous studies (Stockton et al. 2004 McGrath et al. 2008; van der Wel et al. 2011 ) which found that massive quiescent galaxies at high redshifts often have disk-like morphologies.
Simulations (e.g., Bekki & Shioya 1997; Naab et al. 1999; Naab, T. and Burkert, A. 2001; Hopkins et al. 2009b; Wuyts et al. 2010 ) have shown that gas-rich mergers can produce "disky elliptical galaxies" (Bender & Moellenhoff 1987) . However, these merger remnants have very high Sérsic indices and are entirely different from exponential disks. Instead, gas accretion may explain the young disk-like galaxies here and those found at high redshifts. If these galaxies indeed have rotating and disky structures, their formation mechanism should involve extreme dissipation to have gas settle onto a disk before converting into stars, but it also has to be rapid enough to produce their compactness. We refer to Williams et al. (2014) for a description on a possible scenario for forming compact quiescent galaxies driven by accretion of cold gas.
Another possibility is that these galaxies are actually prolate, with radial orbits mostly aligned with the long axis. As suggested by Stockton et al. (2014) , such a morphology could probably explain the discrepancy between the calculated stellar mass and the dynamical mass estimated from the relation that works well for local elliptical galaxies. Also, the fact that prolate galaxies do not exist locally is an indication that galaxy formation mechanisms may be different at different cosmic times. Further work, including resolved spectroscopy, is needed to examine whether or not these compact galaxies are rotationally supported.
Old Galaxies
Our pPXF fits show that SDSSJ014355, SDSSJ101009, SDSSJ115836, SDSSJ134412 and J105745 have more than 75% (by mass) of their stellar populations formed at z > 2. This indicates that they are possibly slightly modified survivors of the high-redshift population of massive compact quiescent galaxies. On the other hand, the old ages of SDSSJ235219, SDSSJ091515 and SDSSJ135342 determined by FAST have large uncertainties, so deeper spectroscopic data for full-spectrum fits are needed to better constrain their stellar population properties.
van Dokkum et al. (2010) suggest that the r 1/4 law of nearby elliptical galaxies is not universal, but due to gradual evolution by building up outer envelopes around compact cores over cosmic time. As a result, old quiescent galaxies in the local universe are expected to have high Sérsic indices and not be disk-like. The morphologies of SDSSJ101009, SDSSJ115836, SDSSJ134412 and SDSSJ105745 are consistent with this scenario. Therefore, these four galaxies had likely been modified and do not show their original structural properties. The absence of stellar disks of these galaxies may be a result of major mergers or a sequence of many minor mergers (Bournaud et al. 2007 ).
SDSSJ014355, in contrast, has a different morphology; it is classified as one of the disk-like galaxies that is fitted by a two-component model (Section 4.2). The pPXF model for this galaxy has ∼ 3% of ∼ 500-Myr-old star formation being added to an dominant population formed at z > 6. In addition, SDSSJ014355 has a much smaller size than the other four old galaxies we discussed above (R e = 0.77 kpc). It is possible that this object is an nearly unaltered relic from the high-redshift massive compact galaxy population. If this galaxy were indeed a disk-like survivor from high redshift, it would again support the idea that massive quiescent galaxies at high redshifts are often disk-like. However, the GALFIT model of SDSSJ014355 shows that it consists of a core with n = 3.92 that contributes 83% of light and a faint, extended envelope with n = 0.08. Since n < 0.5 implies a central dip in the three-dimensional stellar distribution, this component only contributes to the outskirts of the galaxy. Therefore, it is also possible that this envelope is a consequence of recent gas accretion and star formation added onto the old compact core. In any case, it would be very useful to perform spatially resolved spectroscopy or multi-wavelength imaging to compare age or color of the core and the outer envelope, determining whether such structure is intrinsic or caused by recent star formation.
SUMMARY
Our search for luminous compact quiescent galaxies at 0.4 < z < 1.0 has returned a sample of objects that allows detailed studies with imaging and spectroscopic follow-ups. Although this search is far from being complete and unbiased, it does offer a way for us to infer the formation of massive galaxies at z > 2 or to study their structural change at lower redshifts. Our result again suggests that unmodified relics from the population of high-redshift compact quiescent galaxies are indeed rare; most of the galaxies we found actually formed at z < 2, where the density of universe was lower than high redshifts. These young galaxies are less compact than those found at z > 2 in the literature. Interestingly, several of these young objects appear to be disk-like or possibly prolate. If these galaxies were to be confirmed to be disks, a major merger's scenario of forming massive compact galaxies would be challenged, while gas accretion would be more likely the mechanism. On the other hand, if these galaxies were to be confirmed to be prolate, it would indicate that galaxy formation mechanisms have evolved over cosmic time. More studies need to be done to determine the actual morphologies of these galaxies.
Most of the galaxies that formed more than 75% of their masses at z > 2 based on our full-spectrum fits have morphologies similar to the local ellipticals. Building up of these galaxies by mergers or accretion might have already happened and therefore altered their structures. In contrast, SDSSJ014355 is likely a nearly unmodified disky galaxy that is worth more future work. Recently, Trujillo et al. (2014) has discovered that NGC1277, a lenticular galaxy at a distance of only ∼ 73 Mpc, is an unmodified relic from the high-redshift massive compact galaxy population. One interesting characteristic of NGC1277 is its low Sérsic index of n = 2.2, again indicating a disk-like structure. It would be of great interest to obtain detailed IFU observations to examine the stellar dynamics of this galaxy. This discovery also raises some hope of finding more such type of galaxies in the local universe where we can perform very detailed analysis.
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